The main objectives of this study are to investigate the effects of three types of pre-and the related mechanism was discussed. It was found that after CFRP strengthening, the effect of pre-17 or post-damage on the crack spacing and width is not as distinct as in the un-strengthened cases.
Introduction

26
The effectiveness of fiber-reinforced polymer (FRP) systems in increasing the structural capacities 27 of RC members under external loading has been reported in numerous studies (Hollaway and 28 Leeming 2000; Oehlers 2001). In field conditions, reinforced concrete (RC) structures are generally 29 exposed to a wide variety of combined loading and environmental actions. These actions can occur 30 throughout the entire service life of RC members, including the pre-and post-strengthening stages. 31 The prediction of service life with strengthening will only become realistic when pre-and 32 and a wetting-drying cycle process with a controlled current to accelerate the corrosion of the 78 reinforcing steel bars in the tested beams. The post-damage was induced by wetting-drying cycles 79 after CFRP strengthening. A loading test was conducted to determine the cracking behaviors of the 80 beams with or without damage before and after strengthening. Subsequently, a model capable of 81 evaluating the crack behaviors of CFRP-strengthened beams with or without damage was developed. 82 The analytical approach is based on equilibrium and compatibility equations to elucidate the 83 average stresses of concrete and the CFRP laminate of a CFRP-strengthened beam element. Table 1 summarizes the experimental program. In total, 12 beams were tested. The acronym 88 designation adopted for the specimens was as follows: "C" represents corrosion pre-damage, and "L" 89 means sustained pre-loading damage; "S" stands for CFRP strengthening; and the last number 90 corresponds to the number of wetting-dying cycles after strengthening. For example, specimen 91 "L-C-S-40" is the CFRP-strengthened beam with combined pre-loading and corrosion damage 92 before strengthening and 40 wetting-drying cycles after strengthening. a cross section of 120 x 200 mm. The total length of the specimen was 2,000 mm, with a clear span of 1,800 mm. For tension reinforcement, the beams were reinforced with two B12 mm (HRB 335) 97 deformed steel bars that were hooked at the ends of the beams to avoid any premature bond failure. 98 Two ϕ 8 mm diameter (HPB 235) smooth steel bars were provided as compression reinforcement. components were mixed in a weight ratio of 2:1. The cured resin had a tensile strength of 41 MPa, 114 an elastic modulus of 2.6 GPa and an elongation at break of 1.6%, as provided by the manufacturer. As indicated in Fig. 2 , the sustained pre-loading was applied using the bolted-anchorage system.
119
The upper beam was for the combined load and corrosion pre-damage, and the lower beam was for removing the plastic sheet to dry the sponge, whereas in the wetting process, the plastic sheet was 157 reapplied to cover the beam and a 5% NaCl solution was placed in the sponge to wet the concrete.
158
For the purpose of accelerated corrosion, a current density applied through the steel reinforcement Faraday's law. In total, the wetting process was tested for 12 weeks.
163
CFRP Repair Scheme
165
After the reinforcing steel was corroded to the desired mass loss, the sustained load was released. As shown in Table 2 , the average crack spacings at the peak load stage of the strengthened were not used for the best fitting process. Because the wetting-drying cycles up to 120 cycles after Table 2 and Fig. 9 . For specimen L-C, the calculated crack spacing is considerably larger than that 
